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INTRODUCTION 
In short, we face not only an unfavorable balance between loss and gain in habitat, 
but an accelerating disorganization of those unknown controls which stabilize the flora 
and fauna, and which, in conjunction with stable soil and a normal regimen of water, 
constitute land-health. 
-Aldo Leopold, 1945 
The Outlook/or Farm Wildlife 
in Transaction of the 10th North American Wildlife Conference 
Surface water damage from agriculture is estimated at between $2 billion and $16 
billion per year. These estimates are approximate, however, and may underestimate 
the long-term costs of pollution ... .In Iowa, 27 of 33 public water supplies from 
surface water sources tested, or 82 percent, had two or more pesticides detected in 
treated drinking water samples. 
Board on Agriculture, National Research Council, 1989 
in Alternative Agriculture 
Prior to settlement, Iowa's landscape was a mix of prairie, wetlands, and forestlands. 
Prairie occupied most of the state with small wetlands occurring on depressed, poorly drained 
soils and larger wetlands occurring in the bottomland valleys and sloughs. Forests were 
primarily landscape components, forming linear chains along surface waterways, bordering 
between the prairie grasses and the waters. 
In 1800's, the landscape in Iowa began to change with European settlement. In the nearly 
150 years that has lapsed, prairies have been nearly eliminated, existing on only 12.1 thousand 
ha. Wetlands occupy a fraction of the area that they once did, dropping from 1.6 million ha in 
1780 to just over 46 thousand ha in 1991 (Dahl, 1980 and Thompson, 1995). Forests have 
also been affected. Forests are believed to have occupied 18.6 percent ofthe land area in 
Iowa prior to settlement. As of 1991, that figure had been reduced to 5.7 percent (Thomson, 
1980 and Thompson, 1995). As is the case with prairie and wetlands, the primary factor 
associated with the reduction of forests has been the expansion of agricultural land (Thomson, 
1980 and Prato, 1993). 
Grain and livestock production are two of the state's leading industries. In terms of land 
use, in Iowa there is no rival to agricultural row crop production. Out of a total of 14.6 
million ha of land, com is produced on 4.7 million ha, soybeans on 4.0 million ha, and 5.1 
2 
million ha is devoted to hay, pasture, and other crops (Perkins, 1995). Unfortunately, what 
makes an efficient fanning environment does not necessarily make a quality human 
environment. The prairie, wetlands, and forests all provided functions that assisted in making 
the surrounding environment not only more healthy, but also more pleasurable. Having 
reduced, simplifie~ and removed these natural communities, society has chosen to have dirtier 
water, lower non-game wildlife populations, and a landscape with a lesser degree of diversity 
in exchange for greater agricultural commodity production. According to the 1985 America's 
Clean Water Assessment, agriculture is the number one polluter of our lakes and streams with 
sediment being the largest source of water quality degradation (Bercovici, 1994). In 1988, 
the Iowa Department of Natural Resources (IDNR) conducted a survey ofthe surface waters 
in the state. According to their fmdings, ninety-nine percent of Iowa's streams were 
negatively impacted by siltation, nutrients, and pesticides. These pollutants were largely 
attnbuted to agricultural non-point sources. Siltation was found to have the greatest negative 
impact, followed by nutrients and pesticides. 
As the effect of agricultural non-point source pollution has on our environment becomes 
more evident, it becomes even more necessary to work towards the abatement of the 
problems. One method, that seems to have positive results, is the implementation of riparian 
zone buffer strips (RBSs). Riparian buffer strips are stretches ofland that are converted from 
their former use, generally agricultural production, to multi-species plantings designed to 
interrupt and capture the flow of soil, excess fertilizer, and pesticides before they enter the 
surface waterways. RBSs also act as bank stabilizers, helping reduce in-stream erosion 
(Schultz et aI., 1995; Q1 Neil and Gordon, 1993; Magette et al., 1989; Dellaha et al., 1989). 
RBSs can be an integral part of a total non-point source pollution abatement program and 
have been recognized as such in the 1990 farm bill (Osborne, 1993). 
To be most effective, a system ofRBSs should be integrated throughout an entire 
watershed, starting with the smallest tributaries. Re-establishment of riparian vegetation 
throughout a watershed helps to stabilize the stream channel and re-establish natural stream 
equilibrium. A naturally stabilized stream is less prone to bank scouring and channel shifting, 
3 
allowing further functions of the ecosystem to occur (Van Haveren and Jackson, 1986). 
Establishment of a system of RBSs also helps to reduce the negative impacts of non-point 
source pollutants at their sources before the problems become compounded. 
It is the purpose ofthis study to determine some ofthe costs and benefits of implementing 
RBSs at the watershed level. Specifically, the costs of converting, planting, and maintaining 
land currently in agricultural production to buffer strips are determined and some market value 
is analyzed from potential biomass products. The watershed used in this study, Bear Creek, is 
located in Story, Hamilton, and Hardin counties in central Iowa. 
Bear Creek was used for this study because RBSs are currently being established on 
private farms in the upper one-half of the watershed. Approximately one kilometer of buffer 
strip was planted in 1990. In 1994, approximately 1.6 km of buffer strips were added adjacent 
to the existing buffer strip. And, yet another one kilometer was added farther upstream in 
1995. The buffer strip design used in these plantings has been developed to provide a multi-
purpose riparian area, one that can (i) reduce the entry of pollutants into the stream waters, 
(ii) stabilize the bank zone, and (iii) improve habitat for many game and non-game species. 
This RBS design was used as a base model for the RBS designs in the analysis and was 
modified to reflect different width, implementation, and potential product scenarios. Because 
the watershed is currently under study, information was available through a geographic 
information system (GIS) that would not have been as readily available for other locations. 
The GIS technology was useful in providing data on land area, land use, stream channel 
location, and evaluation ofRBS implementation scenarios. 
The next chapter will discuss the appropriateness ofRBSs for NPS pollution control and 
economic factors that needed to be considered when estimating the costs ofRBS 
implementation. It is followed by the development of the model used for the analysis. The 
results ofthe analysis are presented and discussed in the fourth chapter. 
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A REVIEW OF THE LITERATURE 
The role of riparian vegetation in agricultural non-point source pollution abatement 
Many problems associated with agricultural NPS pollution can be attributed to the 
increased levels of sediments and nutrients entering surface waters resulting from traditional 
agricultural row crops and grazing. High sediment levels cause increased rates of siltation in 
downstream reservoirs and higher water treatment costs. High nutrient inputs in streams and 
lakes cause eutrophication, reducing available oxygen for other life forms; as well as directly 
posing a potential threat to human health, if they are not removed from drinking water. There 
is sufficient evidence, however, to show that the effect of these negative impacts, referred to 
as externalities, can be reduced through implementation of permanent vegetation corridors in 
the riparian ecosystem. 
Permanent vegetation, as opposed to agricultural row crops, releases fewer sediments and 
nutrients into adjacent waters and improves bank stabilization. It also has the potential to 
increase riparian zone biodiversity and reduce diurnal temperature fluctuations in stream 
waters, providing an ecosystem capable of supporting a more diverse population. 
The amount and type of vegetation necessary to improve water quality is highly dependent 
upon the local ecology. Based upon studies by Jordan, Correl, and Weller (1993); Groffinan, 
Gold, and Simmons (1992); Cooper et al. (1987); Petetjohn and Correll (1984); and Omemik, 
Abernathy, and Male (1981) factors that influence the effectiveness of riparian vegetation can 
be identified. They are: 
• soil properties 
• slope 
• ratio of agricultural to non-agricultural land in the watershed 
• proximity of agricultural land to perennial streams 
• water table levels 
• upland management practices. 
Because ofthe great variation of each ofthese factors, it is impossible to provide a single 
model for RBS establishment that will prove suitable in all situations. However, an 
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examination of the literature indicates common features of riparian vegetation that give insight 
on how a system ofRBS should be designed to be effective. 
In both grass buffer strips and forested riparian zones, the greatest amount of sediment 
trapping occurs within the fIrst few m after the transition from agricultural fIelds to pennanent 
vegetation. In a study of simulated rainfall on agricultural land, Dillaha et aL (1989) 
established cool season grass buffer strips of 4.1 and 9.6 m below fallow agricultural land. 
Water and fertilizer were sprayed on the fallow land above the buffer strips to imitate stonn 
events. As the runoff encountered the grass strips, the sediment load was reduced. The 
buffer strips released between 53% and 95% less sediment than the control sites during the 
initial run. Most ofthe sediment that was removed from the runoffwas ''flltered out" in the 
fIrst 35-60 cm of the buffer strip. On subsequent runs, lower rates of sediment trapping 
occurred. The authors attributed this to increased saturation of the soil and piling up of the 
transported soil (Dillaha et aI., 1989). Several studies have shown that the greatest amount of 
sediment trapping in riparian forests occurs at the forest/fIeld edge (Haycock and Pinay, 1993, 
Cooper et aI., 1987, Lowrance et al., 1984). Table 1 shows the results of studies throughout 
the United States that determined the width of a buffer strip necessary to remove a substantial 
portion of sediments from overland flow (Osborne and Kovacic, 1993). 
In Iowa, excess nutrients in the surface waters have been identifIed as a moderate source 
of stream quality degradation in 89% of the state's streams (IDNR, 1988). Kelly (1990) 
reported that many Iowa surface waters had nitrate-nitrogen (NO) N) levels exceeding US 
Environmental Protection Agency (EPA) standards. Two processes that assist in the natural 
removal of NO) N are uptake by vegetation and bacterial denitrifIcation (Haycock and Pinnay, 
1993; Groffinan, Gold, and Simmons, 1992). Riparian vegetation often provides an 
environment that better supports these processes than does agricultural cropland. 
Pennanent vegetation may remove greater amounts of nitrogen than agricultural crops 
because it has more extensively developed root systems and longer growing seasons. Schultz 
et al. (1995) have demonstrated the differences in root biomass levels between prairie grasses, 
trees, com, and cool season grasses. Root biomass comparisons showed switchgrass 
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Table 1. Results from field studies on the width of vegetated buffer strips that removed a 
substantial portion of sediments in overland flow from a variety of disturbances 
and geographic locations (Source Osborne & Kovacic, 1993) 
Buffer Geographic Upland 
Width (m) Location Disturbance 
9 
15-45 
10-20 
19 
19 
Idaho Logging road 
New Hampshire Logging road 
West Virginia Clearcut 
Maryland Agriculture 
Illinois Agriculture 
Authors 
Haupt & Kidd, 1965 
Trimble & Sartz, 
1957 
Aubertin & Patrie, 
1974 
PeteIjohn & Correll, 
1984 
Kovacic & Osborne 
{unpublished datal 
(Panicum virgatum) to have 38x the biomass of com and 12x that of cool season pasture 
grasses (e.g., smooth brome) in the top 43 cm of soil. Below 43 em, trees have the greatest 
amount of root biomass with switchgrass still having 5x the amount of pasture grasses. 
Greater amounts of root biomass increase the amount of root surface area and microbrial 
activity leading to increased nutrient transformation and utilization. 
Suggested reasons for increased levels of denitrification in the riparian zone are higher water 
table levels and greater amounts of available carbon (Jordan, Correll, and Weller, 1993; 
Lowrance et al., 1984). Since it is difficult to isolate the act of denitrification, many studies 
assume that a large portion of NO) , which is neither released into surface waters, nor 
accounted for by vegetative production, is removed through bacterial denitrification. When 
comparing agricultural crops to other riparian vegetation, significantly reduced levels of NO) 
were found in riparian forests (Jordon et aI., 1993). Lowrance et ai. (1984) reported a 68% 
decrease between N inputs and outputs from riparian forests. When comparing riparian 
forests to cropland, Peterjohn and Correl (1984) showed nitrogen retention to be 89% and 
8%, respectively. In another study, 60 kg of NO)-N was removed from the groundwater ofa 
riparian forest per ha per year (Jordon et aI., 1993). Both grasses and forests can be effective 
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nutrient sinks; however, forests may remove greater mean annual amounts of nitrates than 
grasslands due to a greater level of available carbon for the denitrification process (Haycock 
and Pinay, 1993). In Table 2, the general results from several studies on the efficiency of 
removal of NO)-N are shown by vegetative buffer strip type and width (Osborne and 
Kovicac, 1993). 
Although riparian forests do act as long term sinks for nutrients, there may be some risk of 
creating a high nutrient flush to surface waters if a disturbance occurs in the riparian 
ecosystem. Therefore, to provide long-term nutrient control it is necessary to actively manage 
these systems by periodically removing the vegetation. This provides two functions. First, 
removing the nutrient rich vegetation reduces the risk of flushes into the ecosystem, and 
second, planting new vegetation, or causing regrowth, provides more actively growing plants 
that are capable of synthesizing greater amounts of nutrients (Groffinan et aI., 1992, 
Lowrance et aI., 1984). 
If the primary functions of a system of RBSs will be to reduce the influx of sediments and 
nutrients into surface waters, then a few guiding principles can be applied to their design. 
MUlti-species designs, incorporating both woody and nonwoody (herbaceous) vegetation 
should reduce NPS pollutants to a greater degree than mono cultural systems because they 
provide more varied levels of root systems to interact with groundwater (Schultz et al., 1995). 
RBSs widths between 10 and 30 m, depending upon upland management practices, should be 
sufficient to reduce overland flow, increase infiltration, and improve conditions for the 
removal of nutrients. Vegetation from buffer strips should be removed periodically to provide 
the maximum level of protection from excess nutrients. These biological considerations 
indicate the ecological role and need for a system ofRBSs. However, to determine the 
amount ofland and other resources that should be dedicated to buffer strip establishment, it is 
also necessary to consider some economic factors. It can be asked, if riparian buffer strips are 
such a vital part of the landscape, then why are there so few of them? One reason may be that 
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Table 2. Results from previous studies on the efficiency of removal ofnitrate-N from 
surface and subsurface waters by forested and grass vegetated buffer strips 
(Source Osborne & Kovicac, 1993). 
Width (m) %Reduction VBS type Reference 
Subsurface 
10 60-98! forest James, Bagley, & Gallagher, in press 
16 93 forest Jacobs & Gilliam, 1985 
19 93 forest Peterjohn & Correll, 1984 
19 40-90 forest Schnabel, 1986 
25 68 forest Lowrance, Todd & Asmussen, 1984 
30 100 forest Pinay & Decamps, 1988 
50 99 forest Peterjohn & Correll, 1984 
27 10-60 grass Schnabel, 1986 
Surface 
30 98 forest Doyle, Stanton & Wolf, 1977 
50 79 forest Peterjohn & Correll, 1984 
9 73 grass Dillaha et aI., 1989 
5 54 grass Dillaha et aI., 1989 
27 84 grass Young, Huntrods & Asmussen, 1980 
a A range in the percentage indicates that seasonal mean values were reported. 
the market structure has failed to properly value riparian vegetation and its associated impact 
on stream quality. 
Economic importance of agricultural non-point source pollution control 
The fundamental source of non-point source pollution control market failure is the 
violation of property rights. Water quality is a public good. Many ofthe benefits of water 
quality are non-market in nature, and most are enjoyed without adequate compensation being 
made for the costs of maintaining high quality levels or without a mechanism to exclude those 
not paying for improvements in water quality from receiving the benefits. Sources of non-
point source pollution are often negative externalities resulting from agricultural production. 
These pollution costs are typically not borne by the producers of the agronomic good. For 
example, in Ohio, soil eroded from farm land was directly linked to downstream costs of 
water treatment. Offsite costs of erosion were estimated by correlating costs for potable 
9 
water with a reduction in sediment delivery to the water source. Communities downstream 
from row crops relying on surface water for drinking water showed a 4% reduction in water 
treatment costs for a 10% reduction in soil erosion (Forster et aI., 1987). 
Because non-point source pollution is so wide spread, it is probably necessary to influence 
market forces through government intervention. This type of solution is not new to the 
agricultural community. Programs aimed at improving soil and water conservation have been 
in place for much of the century. Farm subsidies are designed to encourage production of 
agriCUltural crops such as com and soybeans. Set aside programs are in place to reduce the 
amount of crop production for a given year to provide market price stability during periods 
when supply exceeds demand. The Conservation Reserve Program (CRP) was developed to 
reduce row crop production on highly erodible land. Cost sharing programs help to spread 
the burden of the costs of conservation to members of society along with the landowners. If 
further government programs are developed to promote soil and water conservation it will be 
beneficial to have a better understanding ofthe costs and benefits of the practices to be 
encouraged. 
Farm policies are largely voluntary in nature. The CRP, although well intended, has not 
yet been successful in achieving the enrollment levels desired. Landowners are not likely to 
enroll in a program if the land rental rates received from the program are lower than the net 
return from crop production (Lant, 1995). In Michigan, contingent valuation surveys 
measured the willingness to accept (WT A) values required by landowners to establish filter 
strips on CRP land. The survey process determined that WT A values increased significantly if 
farmers were not allowed to harvest hay from enrolled land, also indicating that opportunity 
costs are strong barriers to entry for land retirement programs. A change in annual payment 
from $100 to $200 per ha correlated with an increase from 33% to 43% of all eligible ha, if 
hay was not allowed to be harvested. Ifhaying was permitted, 67% of the ha would have 
been enrolled at annual payment levels of $74 per ha. Average profits from hay in the region 
were approximately $104 per ha (Pruvis et ai., 1989). Lant (1995) also used contingent 
valuation surveys to determine enrollment levels for establishing riparian buffer strips on 
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eligible CRP ha in the com belt. Results indicated that 10% of the ha would be enrolled with 
annual payments of$222 per ha and would increase to 84% of the eligible CRP land, ifannual 
payments were $371. 
A study in Minnesota, tested the efficiency ofland retirement programs at reducing 
sediment loads in surface waterways. The Agricultural Non Point Source (AGNiPS) model 
was used to simulate different land retirement scenarios. Variables included the targeting or 
non-targeting ofland for annual cropland set aside, levels of payment, and a focus on erosion 
or sediment control. It was determined that the most efficient program would target land for 
set-aside based upon the amount of sediment it generated and that the cash payments should 
be determined by productivity of the land. The productivity ofthe land would estimate the 
opportunity cost to farmers for enrolling in the program (Kozloff and Wang, 1992). Prato 
and Shi (1990) concluded that targeting the interface of agricultural fields with riparian 
vegetation zones is more efficient than reducing total field erosion rates. Establishing a 
maximum acceptable field erosion rate reduced the total amount of erosion more than 
implementing riparian vegetation management strategies, but did so at higher marginal costs. 
Public support for programs that improve water quality through the establishment of a 
system of RBSs has been demonstrated in central Iowa. Residents and owners of land within 
the Bear Creek watershed, a nearly 7,700 ha agricultural based area in Story County Iowa, 
were surveyed in 1992 to determine the demand for improved water quality. Respondents to 
the survey were asked to evaluate the current surface water quality of Bear Creek using a 
water quality ladder, with a value of 1 indicating that the current water quality was unfit for 
human, wildlife, livestock and crop uses and that 10 was fit for human consumption. The 
average surface water quality estimate was 5.9. The minimally acceptable (desired) water 
quality was 8.3, which indicates a demand for improved surface water quality. Table 3 shows 
some uses that respondents felt would be appropriate with the current and acceptable surface 
water quality of Bear Creek. The same respondents also indicated that a riparian buffer strip, 
combined with other conservation practices, would produce the desired reductions in 
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Table 3. Percentage of respondents to the Bear Creek watershed survey who felt that uses 
for Bear Creek were appropriate with current water quality conditions and with 
their minimally acceptable water quality conditions (Colletti et aI., 1992) 
Percentage of respondents who felt that uses 
were appropriate 
Uses of Bear Creek current stream quality 
Crop use 95 
Livestock consumption 90 
Wildlife enjoyment & fishing 87 
Swimming/recreational use 50 
Human consumption 18 
minimally acceptable 
stream quality 
100 
99 
98 
89 
45 
sediments, nutrients, and pesticides required to improve the water quality to acceptable levels 
(Colletti et aI., 1992). 
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RESEARCH METHODS 
It is not the purpose ofthis study to detennine the effectiveness of riparian buffer strips for 
agricultural NPS pollution abatement. It is assumed that a system of RBS, in association with 
upland conservation practices, can cause a significant reduction in the negative externalities 
that result from common agricultural practices in the Com Belt. The objective then is to 
evaluate the economic impacts of implementing riparian buffer strips as a means of soil 
conservation and stream quality improvement. The basic unit of study in this analysis was a 
watershed; specifically, the Bear Creek watershed in Story, Hamilton, and Hardin counties in 
central Iowa. Economic impacts considered were: 
• the cost of establishing and maintaining a system ofRBSs; 
• the opportunity cost of converting agricultural production land to buffer strips; 
• the revenue received from RBS market products; 
• and, the net benefits occurring in the watershed with various RBS models applied. 
Combined, these economic impacts represent the net value of converting land currently in 
agricultural production to riparian buffer strips. The model to estimate the net benefits of 
RBS implementation was developed in a series of steps. First, the costs and revenues of a 
system ofRBS on a per ha basis were estimated. Second, the potential locations and area of 
buffer strips throughout the Bear Creek watershed were detennined. Third, the per ha costs 
and revenues were expanded to reflect the net benefits of establishment throughout the 
watershed. Finally, the watershed economic model was subjected to a sensitivity analysis of 
several key, economic parameters. 
Determination of RBS establisbment and first year maintenance costs 
Greater attention to detail was given to the estimation of establishment and first year 
maintenance costs than to estimations of opportunity costs and product revenues. This is 
largely due to the greater immediate need for, and knowledge of, establishment costs. Many 
landowners and operators have expressed a desire for accurate cost data, or methods for 
detennining costs of establishment when making land use planning decisions. To meet this 
demand, a Microsoft Excel® worksheet was developed which details the aspects of 
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establishing an RBS: This worksheet was incorporated into the fmal RBS implementation 
modeL Factors affecting the establishment costs ofRBSs include buffer strip design, site 
preparation, plant material costs, planting costs, and frrst year maintenance costs. 
Buffer strip design 
Nine basic designs were studied in this analysis. These designs are classified by buffer 
strip width and spacing within tree and shrub rows. All designs are modifications of the 
current design used by the Iowa State Agroforestry Research Team (IStART) and the 
Agroecology Issue Team (AIT) of the Leopold Center for Sustainable Agriculture. The basic 
design is 20 m wide on each side of the stream. There are 5 tree rows, 2 shrub rows, and 7.3 
meter wide strip of a perennial grass. In this study, hybrid poplar (Populus euramerican x) 
was used for the tree species, ninebark (Physocarpus opulifo/ius) was the shrub, and 
switchgrass (Panicum vergatum) was used as the perennial herbaceous vegetation. Other 
species are as well suited for RBS establishment. These representative species were used in 
development of the model because each performs the functions desired from buffer strips and 
has proven to be easy to establish during field tests within Central Iowa, since 1990. Spacing 
between tree and shrub rows is 1.8 rn, spacing between trees within rows is 1.2 m. 
To reduce establishment and maintenance costs as well as increase rotation lengths, 
another design incorporates wider spacing, 2.4 rn, between the rows. At the 20 meter width 
this design has 4 tree rows, 2 shrub rows, and 5.6 m of switchgrass. 
The final basic design leaves out the woody vegetation components. Although this option 
is expected to produce fewer environmental benefits, it has advantages in terms of ease and 
cost of establishment and maintenance, and social acceptance by farmers. Each of the three 
basic designs was adapted for the one side stream widths of 10, 20, and 30 m. Table 4 shows 
the number of tree and shrub rows, as well as the width of switchgrass element by each buffer 
strip type and width. 
Site Preparation 
The methods, and costs, of site preparation are dependent upon two factors: what the land 
use was before the conversion to buffer strips occurred, and buffer strip design. If the land 
Table 4. RBS designs by type and width 
Buffer Strip Width Multi-species 
(m) (1.8 m x 1.2 m) 
3 tree rows 
10 1 shrub row 
2.7 m grass 
20 
30 
5 tree rows 
2 shrub rows 
7.3 m grass 
8 tree rows 
3 shrub rows 
10.4 m grass 
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Multi-species 
(2.4 m x 1.2 m) 
2 tree rows 
1 shrub row 
2.7 m grass 
4 tree rows 
2 shrub rows 
5.5 m grass 
6 tree rows 
3 shrub rows 
8.5 m grass 
Switchgrass Only 
10 mgrass 
20 mgrass 
30 m grass 
was in annual crops before buffer strip establishment and will be the portion of buffer strip 
planted to trees and/or shrubs, it will need to be disked and a ground cover established. The 
Department of Forestry recommends a mix of timothy (Phleum pratense) and perennial rye 
(Lolium perenne) for use as a ground cover. For the purpose ofthis study, it is assumed that 
a mix of 5.6 kg per ha of perennial rye and 7.8 kg per ha oftimothy is applied for ground 
cover establishment. Cost estimates for doing the ground work, disking and planting, were 
from the 1994 Custom Farm Rates Survey for Iowa (Edwards and Davis, 1994). The 
reported price of disking was $21.50 per ha, and planting the ground cover was $21.00 per 
ha. Prices for timothy and perennial rye seed were each $11.00 per kg (personal 
communication with Jim Penney, Heart of Iowa Cooperative, 1995). 
If the area was in crops and is to be planted to switchgrass, it needs to disked and packed 
prior to seed drilling. Again, according to the Iowa Custom Farm Rates Survey disking can 
be performed for $21.00 per ha and packing for $19.00 per ha (Edwards and Davis, 1994). 
For any areas that were in pasture land prior to buffer strip establishment, it is necessary to 
kill the existing vegetation to eliminate hannful competition. This can be accomplished with 
the fall application of a herbicide such as glyphosate in the year before planting (IDNR). Cost 
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estimates for this study are based on an application rate of9.4 f (2% solution) per ha at a price 
of$13.20 per L If the area is to be planted to trees or shrubs, it is necessary only to kill a 1.2 
m strip centered over the row. For areas to be planted to switchgrass, glyphosate should be 
broadcast applied. 
The following formulae were used for calculating the total area of the buffer strip (ha); the 
area planted to trees (ha) and the number oftrees; the area planted to shrubs (ha) and the 
number of shrubs; and the width (m) and area (ha) of the switchgrass component. These 
formulae were common to all buffer strip designs and locations. 
A 
W 
L 
At 
R, 
BI 
WI 
NI 
= 
= 
= 
= 
= 
= 
WL 
A= 10,000 
total area of the buffer strip (ha) 
buffer strip width (m) 
buffer strip length in (m) 
RtB,L 
-4 = 10,000 
N =~L 
t W 
t 
area of buffer strip in trees (ha) 
number oftree rows 
distance (m) between tree rows 
distance (m) between trees within a tree row 
number of trees 
R)J" Ax = lO,axJ 
R.L 
N s = W 
s 
area of buffer strip in shrub rows (ha) 
number of shrub rows 
= 
Ws 
Ns = 
= 
= 
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distance (m) between shrub rows 
distance (m) between shrubs within a shrub row 
number of shrubs 
~ == W -(B/~ + BsR) 
~L 
Ag = 10,000 
area of buffer strip to be planted to grass (ha) 
width of grass strip (m) 
Because methods of site preparation used are based upon the use of the land before 
conversion and the type of plants to be implemented, it was necessary to calculate these costs 
in four manners. 
A,., 
R,., 
Ct 
Grazed land planted to trees and shrubs 
1.2{Rt+ Rs)L 
= 
10,000 
Rn = 4/9.4 
Ct = Rn $13.00+ Art $10.60 
area (ha) to be sprayed with glyphosate, 1.2 m band centered over tree and 
shrub rows 
amount of glyphosate to be applied (t) at the rate of 9.4 e (2% solution) per ha 
total cost per ha of treating tree and shrub area with glyphosate ($13.00 per I 
for herbicide and $10.60 per ha for application) 
Grazed land planted to grass 
A =A rg g 
~ = A,.g9.4 
Cg = ~$13.00+ A,.g$10.60 
area (ha) to be treated with glyphosate 
= amount of glyphosate to be applied (0 at the rate of9.4 f (2% solution) per ha 
Ae 
S, 
Sp 
Cc 
= 
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total cost of treating grass area with glyphosate ($13.00 per I for herbicide and 
$10.60 per ha for application) 
Cropped land planted to trees and shrubs 
= 
= 
= 
= 
Ad = A + A 
, s 
area (ha) to be disked for ground cover establishment 
cost of disking at $21.50 per ha 
S, = 7.8Ae 
Sp = 5.6 A,-
Ce = Cd + S, $11.00+ Sp $11.00+ 4:$21.00 
area (ha) of ground cover establishment 
amount oftimothy seed to be planted at a rate of 7.8 kg per ha 
amount of perennial rye seed to be planted at a rate of5.6 kg per ha 
total cost of planting ground cover, with the price oftimothy seed at $11.00 
per kg, perennial rye seed at $11.00 per kg and planting costs of $21.00 per ha 
Cropped land planted to grass 
The total cost of site preparation ( Csp ) can be expressed in the following equation. 
= 
= 
area to be disked and packed for grass establishment (ha) 
cost of disking and packing soil at $21.50 per ha for disking and $19.00 per ha 
for packing soil 
Ap =Ag 
Plant material 
Planting material costs are estimated using the IDNR forest nursery price list. Woody 
species selected for the study were hybrid poplar, and ninebark. Each is listed at $0.22 per 
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seedling (IDNR, 1995). The price of switchgrass seed is based upon commonly available, 
non-local varieties $11.00 per kg (Heart of Iowa Cooperative, 1995). The planting material 
costs were calculated from the equations that follow. 
Cmf = 
Cms = 
Cmll = 
Cm = 
Planting 
Cmf = Nt $0.22 
Cms = Ns $0.22 
Cmg = II Ag $11.00 
tree seedlings cost at $0.22 per seedling 
shrub seedlings cost at $0.22 per seedling 
grass seed cost at $11.00 per kg planted at 11 kg per ha. 
total cost of all plant materials 
Tree and shrub planting costs are estimated by assuming two workers being paid $6.00 
per hour could plant 60 trees per hour by hand. The relatively slow planting rate allows for 
time to layout the site and for non-professional tree planters. Custom rates for drilling 
switchgrass seed are $26.20 per ha (Edwards and Davis, 1994). 
Cpt = 
C = ps 
Cpg = 
Cpm = 
Cpt = Nt $0.20 
Cps = Ns $0.20 
Cpg = Ag $26.20 
the total costs of planting tree seedlings at $0.20 per seedling 
the total costs of planting shrub seedlings at $0.20 per seedling 
the total cost of drilling grass seed at $26.20 per ha 
the total cost of planting all materials 
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First year maintenance 
During the first year of buffer strip establishment it is necessary to apply a band of pre-
emergent herbicides over the tree rows for effective weed control. This band should be 
approximately 1.2 m in width. A mix of oxyflourfen and oryzalin applied at a rate of 4. 7 r per 
ha should control both grasses and broadleaf weeds. Oxyflourfen can be purchased for 
$11.60 per t and oryzalin for $15.60 per t of active ingredient. The custom rate for ground 
application is $9.60 per ha Edwards and Davis, 1994). 
The maintenance costs for the first year were calculated assuming that pre-emergent 
herbicide would be applied to the trees and shrubs once during the spring and that the area 
between tree and shrub rows would be mowed two times throughout the growing season. 
= 
= 
c = , 
c, = 
(R,B, + RsB .. ) L 
Aw = 10,000 
Cw = 2 Aw $17.30 
the area to be mowed, the portion of the buffer strip planted to trees and 
shrubs (ha) 
the total cost for mowing twice during the fIrst growing season at $17.30 per 
ha 
1.2(R, + Rs)L 
Ae = 10,000 
Ce = 4.7 Ae$11.60+4.7 Ae$15.60+ Ae $9.60 
the area to be treated with pre-emergent herbicide, the portion of the buffer 
strip within a 1.2 m band centered over the tree and shrub rows. 
the total cost of spraying oxyflourfen at 4.7 € per ha and $11.60 per t, and 
oryzalin at 4.7 t per ha and $15.60 per t with an application cost of$9.60 per ha 
c, = C,.. + C, 
the total f)fst year maintenance costs 
Per hectare year establishment and maintenance costs The f)fst year establishment 
and maintenance costs are the sum of the site preparation, plant materials, planting, and 
maintenance costs. 
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Ctst = the total frrst year establishment and maintenance costs. 
Opportunity cost of converting agricultural production land to RBS 
Cash land rent values for Story County were used to estimate the opportunity costs of 
taking land out of agricultural production and placing it into an RBS system. The average 
cash land rent value in Story County for highly productive crop land was $304 per ha in 1994. 
Pasture was valued at $79 per ha (Edwards & Davis, 1994b). Land rent rates were varied in 
the study to reflect the range of land values in the watershed and to evaluate the impact of this 
cost component on the net benefits from an RBS system installed throughout the watershed. 
The 1994 rates for crop land and pasture were decreased by 10 percent and 20 percent. They 
were also increased by 10 percent. The four land rent rates used for evaluating the 
opportunity cost of taking agricultural crop land out of production were $334, $304, $274, 
and $243 per ha. For pasture, the corresponding rates were $95, $86, $78, and $69 per ba. 
The opportunity cost, or cash land rent rates, will be represented as below. 
C rc = cash land rent per ha for cropped land 
Crp = cash land rent per ha for grazed land 
Potential revenue from RBS woody biomass and bay production 
Two sources of farm income from RBS products were considered. They were the net 
income generated by selling switchgrass as hay, and harvesting the trees and selling the wood 
as biomass fuel. Although both of these products have market potential, their markets are 
limited in Iowa. To estimate the revenue potential from these two products, biomass 
projections from an RBS (Schultz et aI., 1995) were multiplied by net revenue estimates. Net 
revenue per Mg is defmed as, the difference between the revenue from selling the biomass and 
the cost of harvesting the biomass. Because actual market prices for switchgrass hay and 
woody biomass are risky to non-existent in Iowa, a range of net revenues was assumed. 
These net revenues were $5 and $15 per Mg for switchgrass hay, and $5, $15, and $25 per 
Mg for woody biomass. Another option considered that no revenue was received from the 
RBS products. It was also assumed that both switchgrass and woody biomass would average 
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10 Mg per ha per year and that switchgrass could be harvested annually, whereas woody 
biomass would be harvested only in years 10 and 20. 
Bear Creek watershed boundary and stream channel determination 
To expand the per ha cost and revenue information throughout the watershed, it was fIrst 
necessary to determine where the buffer strips should be located. To be effective, one thought 
is that it is necessary to implement an RBS system throughout an entire watershed, including 
all tributaries and major streams. 
The Bear Creek watershed encompasses 7,660 ha in Story, Hamilton, and Hardin counties 
(Bercovici, 1994). Figure 1 depicts the land area, tributaries and road network. Most of the 
land area is in agricultural production. Analysis of 1992 aerial photographs showed 33 
percent ofthe watershed to be in com production, 22.4 percent in permanent grassways, 15.4 
percent in soybean production, 9.9 percent in annual set aside, and 8.3 percent in pasture land. 
The remaining land area was a mixture of forests, fannsteads, lagoons, and roadways with the 
majority of it in forest land (9.0 percent of the total land area). Total stream length 
throughout the watershed is 87 krn, 39.5 km of Bear Creek and 47.5 km of tributaries 
(Bercovici, 1994). Eighty-six percent of the watershed has a slope between 0 and 5 percent. 
Within the watershed the steepest slopes are usually associated with the stream channels 
(Jungst et al., 1993). While the Bear Creek watershed is not one of most highly erodible in 
Iowa, it may be typical of many that are predominately agricultural in central Iowa. 
Delineation of the watershed and stream channel have been accomplished through the 
digitization and analysis of soil maps, topographic maps, and aerial photographs. The work 
has been accomplished through the collaboration of several faculty members and students 
within the Department of Forestry. Soil maps for Story, Hamilton, and Hardin counties were 
provided by the Iowa Soil Properties and Interpretations Database (ISP AID). As with all the 
digitized information, the soil maps were incorporated into a GIS data base. The GIS 
software used by the Department of Forestry is ARCIINFO@. For the purpose of this study, 
the primary soil factor considered in determining where to place RBSs was the Natural 
Resource Conservation Service (NRCS) highly erodible land (HEL) classification. This factor 
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was used to determine the level of riparian buffer strip establishment to be evaluated (area 
within the watershed planted to RBSs). 
Digitized infonnation from aerial photographs flown in 1992 was used to determine the 
most current course of the stream and land uses throughout the watershed. Each photograph 
was visually examined to classifY the image into areas by land use and by boundaries such as 
fences and roads. After all the photographs had been digitized, maps were produced of all the 
parcels by vegetation category. Random field checks and ground verification of particularly 
troublesome areas established the validity of the ground cover typing. The GIS database was 
used with the economic model to determine the watershed level benefits and costs of full scale 
RBS system implementation. 
RBS establishment level 
Two levels of RBS establishment were considered. The fIrst considered establishing 
buffer strips throughout the entire watershed, at any locations that did not already have 
permanent vegetation. The second considered a less extensive alternative. RBSs were to be 
planted on land that is considered by the NRCS to be either highly erodible or potentially 
highly erodible. For this designation, digitized soil maps of the three counties were used to 
identifY those areas within the buffer zone previously determined to be of HEL classifications. 
ARC/INFO® was used to identifY those areas. Figure 2 shows the ~rosion potential 
throughout the Bear Creek watershed. 
Net present value of long-term (twenty year) RBS hay and biomass production 
throughout the Bear Creek watershed 
Establishment costs 
Costs for establishing a system of RBSs throughout the Bear Creek watershed were 
estimated for eighteen establishment scenarios. These calculations incorporated three buffer 
strip designs with three different widths and two levels of establishment. Differences in land 
use prior to conversion to buffer strips were accounted for by separating the agricultural land 
adjacent to Bear Creek into either crop land or pasture land. Although the costs for 
establishing a system of RBS are approximately the same on crop lands and pasture lands, the 
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Figure 2. Soil erosion potential within the Bear Creek watershed as determined by Bercovici 
(1994) 
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distinction becomes more important when estimating the opportunity cost because of the 
higher rent for cropland relative to pastureland. 
Ac 
Ap 
C,src 
Cwp 
TCesr 
= 
= 
= 
potential RBS area in crop land during 1992 (ha) 
potential RBS area in grazed land during 1992 (ha) 
the cost of establishing and maintaining one ha of buffer strip on crop land for 
the flrst year 
the cost of establishing and maintaining one ha of buffer strip on pasture land 
for the frrst year 
the total cost of establishment and frrst year maintenance for RBS 
establishment throughout the Bear Creek watershed 
Annual maintenance and opportunity costs 
Annual maintenance costs were assumed to be $123.50 per ha per year, for years one 
through eight, with maintenance occurring equally throughout all RBS lands established 
within the watershed. Maintenance may include occasional mowing and/or burning of the 
grass component of the buffer strip. As with other costs and revenues, the values of the 
maintenance costs were discounted to the present at flve different real discount rates: 3%, 
4%, 5%, 6%, and 7%. 
Ab = Ac + Ap 
[ 0 + rt - IJ TC tin = Ab . Cam g 
r(1 + r) 
area ofRBS establishment (ha) 
= annual maintenance cost, $123.50 per ha per year 
r real discount rate 
Term = total maintenance costs for the Bear Creek watershed in present, real terms 
It was assumed that opportunity cost of converting agricultural production land to 
riparian buffer strips is equal to the cash land rent value. This cost occurs annually for the full 
20 years of buffer strip establishment. 
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[
0 + r)20 I] (Ac • C re + Ap 'Crp) 20 
r(1 + r) 
TClr present value of annual land rent for the Bear Creek watershed 
Potential revenues from switcbgrass bay and woody biomass 
Production of both switchgrass and woody biomass was assumed to occur at a rate of 10 
Mg per ha per year equally on all sites throughout the watershed. Although the RBS system 
includes one or more rows of shrubs there is no production of marketable biomass assumed 
from the shrub component. Switchgrass is harvested each year and woody biomass only in 
years 10 and 20. Profit levels similar to traditional hay production were used to estimate the 
revenue from these products. Profits were varied at 0, 5, and 15 dollars per Mg for 
switchgrass and 0,5, 15, and 25 dollars per Mg for woody biomass. 
TRs == (Ag . Ab .11 . R.)[O + r )20 20 1] 
r(1 + r) . 
profit from one Mg of switchgrass hay 
total net revenue from all switchgrass ha 
TR" 10(Ab • AI ·11 . R ... )[ I 10 + I 20] 
r(l + r) r(1 + r) 
profit from one Mg of woody biomass 
TRw == total net revenue form all woody biomass ha 
TR = TR, + TR" 
TR total net revenue from switchgrass and woody biomass in real, present terms 
Complete economic model 
The full "marketable biomass" economic model can be summed up as below. All costs, 
potential revenues, and discounting have been included. 
Y = 
Y == TCes, + TCIm + TClr - TR 
the adjusted total cost of converting land in the Bear Creek watershed from 
agricultural production to a system of RBSs, less the revenues received from 
switchgrass hay and woody biomass (hybrid poplar) biomass 
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Appropriately used, this model demonstrates some of the marketable tradeoffs that may 
occur from the transformation of agricultural production land within the Bear Creek 
watershed to a system of riparian buffer strips. However, it must be noted that not all the 
potential costs and benefits that could occur from RBS implementation have been accounted 
for within the model. The primary benefit often associated with watershed management 
practices such as buffer strips, is often considered to be the improvement of surface water 
quality. This model purposefully did not include a monetary measure of surface water quality 
improvements. Rather, it attempts to show the "commodity" benefits ofRBSs as stand alone 
products so that the ''public good" aspect of improving conservation practices is de-
emphasized. 
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RESULTS AND DISCUSSION 
Costs of conversion to riparian buffer strips 
The costs of converting agricultural land to riparian buffer strips are dependent upon 
several variables: buffer strip design, site preparation and material expenses, planting and 
maintenance costs, opportunity costs to the landowner, intensity of conversion (relative 
percentage of total land base), and the risk and/or costs of obtaining acceptable return on 
investment for the conversion. 
Buffer strip design 
A summary of the fITst year establishment and maintenance cost estimates are displayed in 
Table 5. The eighteen values show the change in establishment costs dependent upon the 
buffer strip width, design, and land use prior to conversion to buffer strips. According to these 
estimates, the land uses before conversion and buffer strip widths do not have nearly as 
significant impacts on establishment costs as do buffer strip designs. The average reduction in 
establishment costs gained by reducing stem density of trees and shrubs was 18 percent. 
Switching to a mono culture grass design reduced the establishment costs by an average of 87 
percent. However, differences between establishment costs on former crop land versus former 
pasture land were negligible. 
Opportunity Costs 
Opportunity costs to the landowner represent a substantial portion of the total cost of 
converting agricultural production land to riparian buffer strips. For example, the cost of 
establishing a 20 meter, widely spaced buffer strip on one ha of crop land is $1,250. The 
annual cash rental rate for highly productive crop land in Story County averaged $304 per ha 
in 1994. Discounting these annual payments over a 20 year period at a 5 percent real discount 
rate results in $3,790, more than three times the establishment cost. Even on pasture land 
where the opportunity cost is less than that of cropped land, the discounted annual rent is 
$1,070 per ha, almost equal to the cost of establishment. 
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Table 5. Cost of establishment and fIrst year maintenance of RBS by buffer strip width, 
design, and land use prior to conversion to buffer strips 
a. Cost of establishment and fIrst year maintenance ofRBS by buffer strip width and 
design on one ha of agricultural crop land 
multi-species. multi-species. 
Buffer width\design 1.2 m x 1.8 m 1.2 m x 2.4 m grass only 
10m $1.700 $1.330 $190 
20m $1.510 $1.330 $190 
30m $1.570 $1.330 $190 
b. Cost of establishment and fIrst year maintenance of RBS by buffer strip width and 
design on one ha of pasture land 
Buffer width\design 
10m 
20m 
30m 
Implementation level 
multi-species. 
1.2 m x 1.8 m 
$1.600 
$1.420 
$1.480 
multi-species. 
1.2 m x 2.4 m 
$1.220 
$1.220 
$1.220 
grass only 
$210 
$210 
$210 
Table 6 shows the separation of agricultural land within the Bear Creek watershed to be 
converted to buffer strips into two classes, cropland and pasture. 
For the entire Bear Creek watershed approximately 81 % was designated as com, soybean, 
or pasture production land based upon aerial photographs from 1992. However, this 
Table 6. Percentage of cropland and pasture by buffer strip width at two levels of RBS 
im lernentation. 
Establishment on all land within the buffer 
zone that is not currently in permanent 
ve etation 
Buffer Strip 
Width rn) 
10 
20 
30 
Percent 
Cro land 
83.7 
87.2 
89.4 
Percent 
Pasture 
16.3 
12.6 
8.1 
Establishment on only those areas 
designated as highly erodible or potentially 
hi hl erodible b the NRCS 
Buffer Strip Percent Percent 
Width (rn) Cro land Pasture 
10 93.3 6.7 
20 90.9 9.1 
30 90.4 10.6 
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percentage decreases as the width of a zone around the creek narrows. For example, when all 
land within 30 m of Bear Creek is considered, 58% was being used for agricultural production 
in 1992. At distances of 20 m and 10 ill, the amount of land in corn, soybeans, and pasture 
were 53% and 47%, respectively. Figure 3 maps a segment of a 20 meter buffer zone around 
Bear Creek and displays the ground cover in 1992. A breakdown of the land, within various 
buffer widths, by agricultural use is presented in Table 7. 
Table 7. Land area along Bear Creek and its tributaries by RBS width and agricultural land 
use in 1992 
Buffer Strip RBS Land Ag. Com Soybean Pasture 
Width (m) Area (ha) Production Land + Land + Land (ha) 
Land (ha) (ha) (hal 
10 168 79 = 46 + 21 + 13 
20 338 180 107 + 50 + 23 
30 504 290 174 + 85 + 23 
On lands buffering the stream and designated as either highly erodible (HE) or potentially 
highly erodible (PHE) even lower percentages of the area were dedicated to agricultural uses. 
For zone widths of 30, 20, and 10m the land areas in corn, soybean, and pasture production 
were 51 %, 46%, and 39%, respectively. Table 8 shows the agricultural land uses and total 
area with this critical site designation based upon erosion potential or excessive erosion from 
cropping practices. If all land in agricultural production in 1992 (column 3, Table 7) that lies 
within the riparian zones (dermed as the linear length of the main charmel and tributaries, a 
total of 87 ha) were to be converted to buffer strips this would cause a decrease in total 
agricultural production land within the watershed by 4.4%, 2.7%, and 1.2% for 30, 20, and 10 
meter zones, respectively. If the conversion to buffer strips was concentrated only on the HE 
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Figure 3. 20 m riparian buffer zone around a section of Bear Creek including area 
classifications by land use in 1992 (Bercovici, 1994) 
34 
Bear Creek Watershed 
20m Riparian Zone 
1992 Ground Cover 
North East Part of Creek Enlargement 
LEGEND 
D Corn 
Soybeans 
II Permanent grassway 
II Set aside 
II Unknown ground cover 
o 250 500 FEET ' 
I I " 
o 75 150 METERS 
35 
Table 8. Land area along Bear Creek and its tributaries by buffer strip width and 
agricuIturalland use in 1992, that is classified by the NRCS as highly erodible and 
potentially highly erodible 
Buffer Strip RBS Land Ag. 
Width Area Production 
(m) (ha) Land 
10 
20 
30 
15 
39 
74 
(ha) 
6 
18 
38 
+ 
= 
Corn 
Land 
(ha) 
2 
7 
17 
+ 
+ 
+ 
+ 
Soybean 
Land 
(ha) 
3 
9 
17 
+ 
+ 
+ 
+ 
Pasture 
Land 
(ha) 
<1 
2 
4 
and PHE lands adjacent to Bear Creek, less than 0.6% ofthe total agricultural land in the 
watershed would need to be converted at each of the three widths. As can be seen in Table 9, 
establishing a system of RBSs on only highly erodible and potentially highly erodible land 
would significantly reduce the costs of stream quality improvement. With only 18 ha 
converted to an RBS system within the Bear Creek watershed, it is likely to cause a dramatic 
decrease in the level of effectiveness of a system of RBSs relative to an RBS system that 
buffers more of the land along the main channel and tributaries. It is critical that the minimum 
width, minimum planting density and establishment level, and species compositions necessary 
to achieve non-point source reduction management goals are determined to effectively and 
efficiently allocate the land resource. 
Potential revenue from switcbgrass bay and woody biomass 
Revenues from products produced by RBSs have the potential to offset the cost of 
improving stream quality through RBS establishment. The following examples demonstrate 
the level of impact that these "produce" revenues can have on the cost of converting 
agricultural production land to riparian buffer strips in the Bear Creek watershed. The first 
example follows the recommendations of I StART and the AIT for minimum guidelines for 
determining the RBS width, species composition, planting density, and level of conversion. It 
is a mixed species buffer strip, constructed of trees, shrubs, and switchgrass. The RBS 
Table 9. 
buffer 
width 
(m 
10 
20 
30 
10 
20 
30 
10 
20 
30 
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Present value of the costs of buffer strip establishment and maintenance for 20 
years (land rent=$304Iha for crop land & $861ha for pasture) at two intensity 
levels throu hout the Bear Creek watershed, at a 5% real discount rate. 
present value of costs at 5% real discount rate in ($1 ,000's) 
establishment on all agricultural establishment on agricultural production 
production land within buffer land within buffer zone that is classified as 
zone HE or PHE 
Multi-species buffer strip, 1.8 m x 1.2 m tree spacing 
$405 
$915 
$1,518 
$35 
$94 
$202 
Multi-species buffer strip, 2.4 m x 1.2 m tree spacing 
$380 $32 
$886 $91 
$1,454 $193 
Single species (switchgrass) buffer strip 
$304 $25 
$706 $72 
$1,158 $153 
contains 4 tree rows, 2 shrub rows, and 5.5 m of switchgrass. Trees and shrubs are planted at 
1.2 m between plants within the row and 2.4 m between plants in adjacent rows. This analysis 
assumes that all agricultural production land within 20 m of the stream is converted to riparian 
buffer strips. For this example the real discount rate is held constant at 5%. 
In Figure 4, the net revenue (price received less harvest cost) per Mg from woody biomass 
production is assumed to be zero. Increases in the net revenues from hay production cause a 
decrease in the net costs ofland conversion to an RBS system. Increasing net revenues from 
$0 to $15 per Mg for the annual harvest and sale of hay causes a 4.0% reduction in land 
conversion costs at the highest cash land rent rates. At the lowest cash land rent rates, a 
37 
~ 1000 II! $0 .$5 .$15 
V"l 
@ 900 
.-.... 800 0 0 
0 
...... (1) 700 ~ ...... '-'~ 
~ ...... 600 
VJ c:: 
o ::s 
u 0 500 
...... u 
(1) .~ 
c::"O 400 'O~ 
(1) ~ 300 ::s 
~ 
;> 
...... 
200 
c:: 
~ 100 ~ 
~ 0 
334/95 304/86 272/78 243/69 
Annual cash rent rate for crop/pasture land ($/ha) 
Figure 4. Present value of the costs of establishment and 20 year maintenance of a 20 
meter wide buffer strip established on all agricultural land adjacent to Bear 
Creek and its tributaries less the net revenues received from annual harvest of 
switchgrass for hay (shading indicates the net revenue level). Tree and shrub 
density is 2500 sterns per hectare, switchgrass occupies 28% of the width. 
Cash land rent rates vary from high to low with $304/$86 per hectare being the 
average levels for crop land and pasture, respectively, in Story county, IA in 
1994 
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similar increase in net revenues results in a 4.9% decrease in present cost values. Considering 
cash land rent rates, the inverse relationship is true. A decrease in the opportunity cost value 
forces a decrease in land conversion costs. When no net revenue is received for hay 
production from switchgrass, a decrease is realized in rent rates from $334 to $243 per ha for 
cropped land and $95 to $69 per ha, for pastured land, a decrease of 19.6%. For this same 
land rent range with a net revenue of $15 per Mg for hay, land conversion cost declines by 
20.3%. 
Similar cost reductions are true as the market value for woody biomass increases. Figure 
5 depicts the same buffer strip as Figure 4 with one important difference. Instead of the net 
revenue for biomass being equal to zero several positive net revenues are assumed and the 
value of switchgrass for hay is held constant with no net gain. Again, increasing market 
values for woody biomass cause decreasing net present values of land conversion costs. At 
the highest land rent rate, a net revenue increase from $0 to $15 per Mg for the harvest and 
sale of woody biomass (at ten year intervals) causes the cost of land conversion to fall by 
5.4%. At the lowest land rent rate, the same increase in net revenues for biomass production 
reduces the costs by 6.7%. The effects of changing cash land rent rates while holding 
constant the net revenues of biomass production are the same when the revenue is $0 per Mg 
of biomass. However, as the net revenue rate increases, the rate at which the declining land 
rents reduce present value costs of land conversion increases. 
Sensitivity analysis 
Currently few realized market benefits are obtained from RBSs compared to traditional 
agricultural crops. Even those products that may be harvested and sold from a riparian buffer 
strip occur periodically several years after the initial costs of establishment have been spent. In 
this analysis it is assumed that switchgrass hay is produced annually and woody biomass 
produced with a 10 year rotation. For this reason, both the time value of money and the 
uncertainty associated with the benefits must be weighted by discounting the future cash flows 
at a rate reflecting acceptable returns and risk. A range of five real discount rates was used in 
the analysis, from 3% to 7% at intervals of 1 %. Discount rates are inversely related to the real 
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Figure 5. Present value of the costs of establishment and 20 year maintenance costs of a 
20 meter wide buffer strip established on all agricultural land adjacent to Bear 
Creek and its tributaries less the net revenues received from harvest of trees 
for biomass (shading indicates the net revenue level $/ton). Tree and shrub 
density is 2500 stems per hectare, switchgrass occupies 28% of the width. 
Cash land rent rates vary from high to low with $304/$86 per hectare being 
the average levels for crop land and pasture, respectively, in Story county, IA 
1994 
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cost of converting agricultural production land to RBSs. As the real discount rate increases 
the total cost for converting land to a system of RBSs decreases for a given scenario. An 
example is provided in Table 10. An RBS system (20 m wide, 1.2 m x 2.4 m spacing, on all 
agricultural production land) at the current market price levels is used as the base for 
comparison. All changes in the net present value of the costs of conversion are expressed as a 
percentage of change from the base cost level. Shading indicates progressive 10% levels of 
change, either positive or negative, from the base cost. A line separates the positive and 
negative changes. Shifts in the present level of costs in Table 10 are not so lely the result of 
various discount rates but also include the effects of shifts in the market prices of land rent, 
hay revenue, and biomass fuel revenue. 
Conclusions 
The costs of improving stream quality through the establishment of a system of RBSs are 
highly variable and dependent upon the level of improvement desired and the approach taken. 
A wide range of cost estimations is provided in the appendix. In general, the more intensive 
and biologically diverse riparian buffer strips cost more to establish and maintain. Some of the 
cost of stream quality improvement can be offset by development of markets for products 
from buffer strips. However, it is unlikely that these revenues will completely offset the costs 
of establishing and maintaining a system ofRBSs. The largest single cost of a system of RBSs 
is the opportunity cost to landowners for converting agricultural production land to buffer 
strips. If prices for agricultural commodities decline or land values fall, this cost will be driven 
down. 
The analysis of riparian buffer strip establishment cost estimations provides information 
that is useful when determining stream quality improvement methods and strategies. 
However, it is also necessary to compare these cost estimates of supply with the level of 
demand for stream quality improvement. The demand for an RBS implementation must be 
weighed against the costs of implementation to arrive at the proper distribution of the land 
resource. 
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Table 10. Present values of the costs of establishment of a 20 m wide RBS on all agricultural 
production land within the Bear Creek watershed expressed as a percentage of 
change from a base cost of$886,000 
cash rent 
rate for 
crop land 
($/ha) 
334 
334 
334 
304 
334 
334 
304 
304 
272 
334 
334 
304 
304 
272 
334 
272 
243 
304 
304 
272 
334 
272 
243 
334 
304 
243 
334 
272 
272 
243 
304 
243 
304 
272 
334 
304 
243 
243 
272 
272 
243 
304 
272 
243 
243 
272 
243 
243 
cash rent 
rate for 
pasture 
land ($/ha) 
95 
95 
95 
86 
95 
95 
86 
86 
78 
95 
95 
86 
86 
78 
95 
78 
69 
86 
86 
78 
95 
78 
69 
95 
86 
69 
95 
78 
78 
69 
86 
69 
86 
78 
95 
86 
69 
69 
78 
78 
69 
86 
78 
69 
69 
78 
69 
69 
net return 
from 
net return Percentage change from base cost 
from 
harvest harvest real discount rate 
and sale of and sale of 3% 4% 5% 6% 
grass for 
hay 
0.00 
5.00 
0.00 
0.00 
5.00 
\5 .00 
5.00 
0.00 
0.00 
0.00 
\5 .00 
5.00 
\5 .00 
5.00 
5.00 
0.00 
0.00 
0.00 
15.00 
5.00 
0.00 
15.00 
5.00 
\5 .00 
5.00 
0.00 
5.00 
0.00 
\5.00 
5.00 
0.00 
\,.00 
\5 .00 
5.00 
\5 .00 
5.00 
0.00 
\5 .00 
0.00 
\5.00 
5.00 
\5 .00 
5.00 
0.00 
\5 .00 
\5 .00 
5.00 
trees for 
fuel 
5 
10 3 
9 3 
8 ...---~I-t 
7~_..::..J 
5 -1 
5 -I 
4 -2 
4 -2 
2 -4 
2 -4 
-4 
-5 
·7 0 
·6 0 
6 t-_-:::O~ 
4 
4 
2 
10 3 
\5.00 
\5 .00 
5.00 
25 .00 
\5 .00 
5.00 
9 2 
8 1 
'1 ...--_-:I~ 
5 
5 
6 
4 
5 
2 
5.00 r---~ 
25 .00 L..-.--:--i 
0.00 ...----:--i 
\5 .00 L..-._~ 
\5 .00 
25.00 
25 .00 
\5 .00 
5.00 
25 .00 
\5.00 
\5 .00 
25 .00 
25 .00 
25 .00 ~~~;(. 
\5.00 
25 .00 
25 .00 
25 .00 
7% 
-I 
-3 
-3 
-4 
-5 
-6 
-7 
-8 
-7 
-9 
-9 
-9 
-10 
-10 
-10 
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One method of estimating the demand for RBS in the Bear Creek watershed was used by 
Colletti et a1. (1992). The residents and landowners in the Bear Creek watershed were 
surveyed to assess their opinions about the current water quality, methods of water quality 
improvement, and their demand for water quality improvement. The demand for water quality 
improvement was based upon the respondents' willingness to pay (WTP) for water quality 
improvement. Both a close-ended and an open-ended contingent valuation method format 
were used to determine WTP. Nearly 7 of 10 respondents were not willing to pay a minimum 
of $4 per month for as long as they live in the Bear Creek watershed to improve the surface 
water quality from the current level to their acceptable level. But this does not indicate if the 
respondent was willing to pay more or less than $4. So, respondents were also asked to 
indicate the maximum amount per month that they would be willing to pay to improve the 
current surface water quality level of Bear Creek to their acceptable level. Fifty-two percent 
were willing to pay between $0 and $3 per month, and 48% were willing to pay $4 or more 
per month to achieve this improved surface water quality level. The mean maximum WTP for 
all respondents was $4.08 per month (Colletti et aI., 1992). 
If it is assumed that the mean WTP value for water quality improvement is an accurate 
estimate of value for all residents living in the watershed, and that those residents believe that 
a system of RBS will fully create the desired improvement in water quality, then a monetary 
value for surface water quality demand in the Bear Creek watershed can be estimated. 
Multiplying the mean monthly WTP value of $4.08 times twelve months creates an annual 
payment of $48.96 per person per year. There are approximately 1000 residents in the Bear 
Creek watershed, which would create an annual payment of $48,960 for the entire watershed 
(based on 1990 estimate). At a 5% real annual discount rate, the present value of the annual 
payment over a 20 year period would be approximately $610,000. If no products other than 
water quality improvement are realized from riparian buffer strips, under current market 
conditions, a 20 meter wide riparian buffer strip established on all agricultural land would cost 
approximately $886,000 to establish and maintain. A 10 meter system ofRBSs applied to the 
watershed would cost approximately $380,000. This indicates that there is sufficient 
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perceived benefit (from the WTP estimate) within the watershed to support a buffer strip 
between 10 and 20 m wide placed along Bear Creek throughout the entire watershed. 
Another way of estimating the perceived benefit from riparian buffer strips in the Bear 
Creek watershed is to compare the current annual payments received from the CRP program 
with RBS establishment and maintenance costs. Up to and including the 12th sign up for CRP 
there were 2400 ha enrolled in CRP in Story County. This is 1.9% of the total agricultural 
cropland in Story County. This same percentage applied to the Bear Creek watershed 
represents approximately 146 ha. If it is assumed that CRP lands in the Bear Creek watershed 
receive the average rent payments as the rest of Iowa, then the total annual rent payment for 
CRP in the watershed would be $35,250. Again ifthis amount is paid over a 20 year period 
and discounted to the present at a real annual discount rate of 5% then society will have 
invested $439,300 to protect 146 ha ofhigbly erodible land. This societal investment could 
purchase protection from agricultural non-point source pollution through the establishment of 
an RBS the entire length of Bear Creek from the headwater to the confluence with the Skunk 
River. A 10 meter wide buffer strip established on all agricultural production land would cost 
approximately $380,000 under current market conditions. The level of value (benefits) for 
buffer strips is assumed to be equal to the cost $380,000. When RBS benefits are estimated in 
this fashion they are lower than that of the WTP method. This is the current amount of 
societal investment in soil and water conservation that is currently being supported in the Bear 
Creek watershed. With increased emphasis on riparian zones in the latest CRP enrollments, a 
greater realization of this value may be recognized. 
The model discussed in this study purposely did not include a monetary valuation of 
benefits such as increased aesthetic value, improved wildlife habitat, or improved fisheries or 
direct benefits such as reduced sediments, nitrates, and other NPS pollutants. This is not to 
say that such benefits are unimportant. These are often the very benefits that motivate 
individuals to take action to improve environmental quality. Instead, it was believed, that if a 
conservative approach to estimating monetary benefits only from marketable hay and woody 
biomass products was used, that a greater value of the model would be obtained. It is 
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possible to show the net costs for non-point source pollution control without the inclusion of 
qualitative benefits. Therefore, when detailed data about many of the non-market benefits for 
water quality improvement in the Bear Creek watershed are obtained, an even better 
economic analysis can be made for modifYing agricultural land uses towards better soil and 
water conservation management practices. 
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